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INTRODUCTION
Since its introduction by Tinbergen [1] and Linneman [2] , the gravity model has been widely used for explaining flows of international trade. The gravity specification has exhibited considerable empirical robustness and explanatory power for describing trade flows [3, 4] , despite its lack of strong theoretical foundation [3] . As reported by Porojan [4] , in the last decade gravity models have been employed in numerous studies for analyzing and assessing trade flows. Indeed, the empirical literature reveals a considerable number of publications offering either methodological advancements or refinements, or attempting to explain policy impacts on trade flows.
A particular application of the gravity model is to explain and predict the effects of Free Trade Agreements on trade flows [5] . Free Trade Agreements are forms of trade pacts between countries; these agreements eliminate tariffs, quotas and other barriers for a number of goods (if not for all), traded between involved partners. The aim of FTAs is obvious: increased trade between two countries as a result of relaxing or removing existing institutional and economic barriers. FTAs have been a tool widely implemented for enhancing trade between countries; examples include the North American Free Trade Agreement between the USA, Canada and Mexico (NAFTA), the Free Trade Agreement of the Americas (FTAA), the ASEAN FTA between eastern Asian countries and the Euro-Mediterranean Free Trade Agreement (EMFTA).
The research community has expressed a wide interest in the aspects of the gravity specification and its application in *Address correspondence to this author at the Department of Transportation Planning and Engineering, School of Civil Engineering, National Technical University of Athens, 5 Iroon Polytechniou Str., Athens, 15773, Greece; Tel: +30-210-7721280; Fax: +30-2107722404; E-mail: kkepap@central.ntua.gr representing trade flows and particularly FTA effects. In that context, this paper provides a systematic review of recent work on trade flow modeling from an empirical perspective and offers a basis for evaluating current research. A secondary objective is to provide insights on the effects of FTAs on trade as explained by gravity model specifications. The remainder of the paper is structured as follows: the next section includes an overview of the different modeling approaches for explaining trade flows. Then, the gravity model is briefly presented and a framework for categorizing existing studies is proposed. Based on that framework, studies undertaken in the last decade (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) ) are reviewed and critically discussed. Additionally, a short analysis of FTA modeling issues and empirical findings of effects is provided. The final section summarizes the conclusions of the paper.
OVERVIEW OF TRADE FLOW MODELING: ECONOMETRICS VERSUS SIMULATION
Trade flow modeling has been widely researched in the last three decades; most efforts for expressing and analyzing trade flows have concentrated (a) on simulation models that aim at replicating that phenomenon and its impacts, and (b) on econometric models that attempt to make predictions based on past, actual performance [6] .
Simulation models capture the underlying structure of trade flows (comprising of activities such as production, consumption and transportation) [7] , respond to inputs and estimate potential impacts to trade flows. Frequently, inputoutput (I/O) and generalized equilibrium models have been exploited for simulating trade flows with the later having the advantage of calculating trade flows endogenously and incorporating transportation costs in the model [7] . In particular, computable generalized equilibrium (CGE) models have been widely applied for modeling trade flows and examining FTA effects [8] [9] [10] [11] [12] [13] [14] [15] . However, CGE models of trade have been criticized by a number of researchers; for instance, the World Bank Economic Prospects of 2005 [6] note that CGE models require the selection of a considerable number of parameters; since these parameters are chosen and not estimated, statistical properties of the results are unknown. Also, Hertel et al. [16] comment on the weak econometric foundations of CGEs, which is indicated by past research; they find however that some of the results of CGEs are robust (especially those related to the analysis of FTA effects) and conclude that there is a good potential of combining CGEs with econometric models for obtaining better results.
Econometric approaches for modeling trade flows have focused on the gravity model specification. The concept of the gravity model is based on Newtonian physics; trade between two partners is affected by their sizes and proximity [4, 17] . In particular, a flow of goods between two areas is expressed as a function of the characteristics of the origin and of the destination and of some measure of impedance between them. The gravity model has demonstrated an excellent empirical robustness in describing trade flows, despite its often asserted lack of theoretical background and poor reputation among economists [18] . For example, Bergstrad [3] reported that, "despite the model's consistently high statistical explanatory power, its use for predictive purposes has been inhibited owing to an absence of strong theoretical foundations". Moreover, as noted by Filipinni and Molini [19] , while the gravity model has been often characterized as "facts without theory", consistency of its results with facts makes it very popular for practical applications.
Indeed, early justifications on the gravity model performance were provided by Linnermann [2] while Anderson [20] was the first to derive a theoretical explanation based on economic theory. Krugman [21] , Helpman and Krugman [22] , Bergstrad [3, 23] , Deardorff [24] and Anderson and Mercouiller [25] presented alternative theoretical foundations for the gravity model and Baldwin [18] noted that, "in contrast to popular belief it (the gravity model) does have such foundations". However, since a discussion of the gravity model theoretical derivation is not within the scope of the paper, the reader is referred to Baier and Bergstrad [26] , Evennet and Keller [27] and Filippini and Molini [19] for related reviews.
Both simulation and econometric approaches have been exploited in an effort to capture the effects on various factors on trade flows; however the gravity model is the most popular among them, mainly because of its robust performance and limited need for parameter assumptions [19] . As a result, numerous studies on gravity models and their application in trade flows have emerged during the last decade and are discussed in the following sections.
THE GRAVITY MODEL SPECIFICATION
Consider a flow of goods F ij between two areas i and j. F ij can then be expressed as a function of the characteristics of the origin (O i ) and the destination (D j ) areas and some measure of impedance between them (R ij ):
Equation (1) can be modeled as a linear function by taking its logs:
where X: Vector containing the logs of explanatory variables : Vector of parameters to be estimated : Error term Equation (2) expresses the relation between trade flows (which can be bilateral, imports or exports) and explanatory variables which refer to the sizes of the trading partners' economies (mass variables), their proximity and any other factors promoting or discouraging trade between them (impedance variables). Anderson and van Wincoop [28] provide an excellent discussion on the theoretical background behind the derivation of equation (2); which is, as noted earlier, out of the scope of this paper.
The gravity model often serves as a practical tool for estimating trade flows and examining explanatory factors and policy implications on them; the latter could include the potential of adding novel parameters and factors to the model or investigating the effects of already known parameters to trade flows. Moreover, the statistical techniques applied could result to more or less accurate model parameters [29] . Considering these, a three layer framework ( Fig. 1) is proposed for organizing studies related to gravity based trade flow modeling (objectives and applications, parameters, and methodology). The "objectives and applications" layer focuses on the scope of each study; whether the gravity model development is the target or the model serves as the tool for investigating policies related to trade flows. The "Parameters" layer incorporates all items necessary for developing the model; namely explanatory variables and the type and size of dataset. As for the "Methodology layer", this incorporates the variety of statistical and econometric techniques used for estimating the parameters of the gravity model specification.
Objectives and Applications: Target or Tool?
Gravity models are commonly used to investigate trade flows and related policies ( [19, [30] [31] [32] [33] [34] [35] [36] or flows of specific products [32, 37, 38] . However, most recent studies focus on examining the effects of regional trade agreements, currency unions and common markets and particularly whether these result in creating or diverting trade; in this research area see, for example [5, 31, . Other researchers have examined trade policy implications and factors that affect trade, such as natural border effects [65] , monetary union impacts [66, 67] , domino effects [68] , the foreign direct investments [69] , the rules-of-origin [70] , transportation costs [71, 72] , neutral partners theory [68] , trade union rights and democracy effects [73] , trade facilitation, regulatory quality and export performance [74] and north versus south effects when controlling for distance [75] .
Apart from analyzing policies and flows, a number of studies have attempted to improve the performance of gravity models and aimed at introducing methodological novelties in estimating their parameters. Such cases include the incorporation of spatial effects and stochastic aspects to the gravity model and the application of novel econometric methods for the estimation of its parameters [4, 5, 57, [76] [77] [78] [79] [80] [81] [82] . However, most studies reviewed do offer methodological novelties although this is not their main objective.
Parameters: Datasets and Variables
The "parameters" incorporates both the factors and explanatory variables used in the reviewed papers, as well as the dataset types and characteristics exploited for developing the models.
Datasets
Panel data are used in most studies for periods of at least 5 years; only few recent studies draw conclusions based on cross sectional data based on a single year or an average of a period. Matyas [83] noted that bilateral trade flows are naturally represented through a three way specification which includes time, exporter and importer characteristics. Therefore, excluding an important source of variation such as time, could lead to inconsistent modeling results. Ghosh and Yamarik [84] showed that gravity models based on cross-sectional data yield unstable results. Moreover, according to Nowak-Lehmann et al. [58] , panel data offer several advantages such as the possibility of capturing relationships over variables in time and observing individual effects between trading partners.
Dependent and Explanatory Variables
Exports and bilateral trade flows are the most common dependent variables found in trade flow gravity models, while their explanatory variables can be distinguished in the following two groups:
Factors indicating demand and supply of trading countries, Factors representing the impedance imposed on a trade flow between countries.
Common proxies for demand and supply are measures of a country's economic and market size; income level, population, area size and GDP per capita are variables included in most gravity model specifications. In particular, GDP per capita indicates the purchase power of importing and exporting countries [33] ; two countries with considerably different populations may have similar GDPs but totally different economic development. According to Bergstrad [3] , many studies explicitly consider GDP and GDP per capita as explanatory variables, with GDP per capita serving as a proxy for the capital -endowment ratio [3] . Furthermore, some specifications alternatively incorporated size similarity, originally motivated by Helpman [85] , which is a function of the partnering countries' GDPs (for instance, Baltagi et al. [77] ).
In addition to the above, some studies exploited total imports and exports along with those aforementioned factors; imports and exports are considered as more 'direct' indicators of a country's demand and supply characteristics [3] . Import and export volumes may be considered directly (see, for example, Fukao et al. [43] ; Musila [50] ; Kepaptsoglou et al. [64] ), even as a lagged variable (exports of the previous time period -Filippini and Molini [19] ). Studies by Peridy [53] and Sohn [33] expressed these 
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Analysis of a simple method for approximating international trade-cost effects using the gravity equation agreement as compared to the rest of the world. Additionally, Thorpe and Zhang [86] used trade imbalance for a country as the difference of imports and exports for a country.
Impedance factors include all those elements that affect trade flows in a negative or positive manner. Transportation costs are the main resistance factors; these include actual freight transportation costs, tariffs, quality of infrastructure etc [71] . Typically, these are approximated by the total distance between the countries' economic centers; that is, the great circle distance calculated by the longitudes and latitudes of centers. Nitsch [65] however proposed a more detailed method for calculating intra-country distances as a function of country size. Nowak-Lehmann et al. [58] on the other hand considered only maritime transportation costs and therefore distances and notes that these are considerably larger compared to land transportation costs. Some studies considered tariffs explicitly [37, 43, 45, 60 ].
An analysis of transportation costs in trade flows is offered by Martinez-Zarzoso and Suarez-Burguet [71] ; they estimated a transport cost equation and include it in their gravity model specification. Their equation involves importer, exporter and commodity type; their variables are distance, weight-to-value-ratio, volume of imports, the case of landlocked countries and common language and infrastructure indices. The authors indicated that distance and poor infrastructure notably increase transportation costs. Kepaptsoglou et al. [64] used a detailed pre-process model for estimating transportation costs between EU and Mediterranean countries. Their model calculated relevant costs for different modes which are then used for estimating the gravity model parameters.
Remoteness is another impedance measure included in gravity model specifications; it indicates the geographic position of countries along markets and has been used in some studies [65, 74, 87] . Originally introduced by Deardorff [24] , remoteness is defined as the GDP weighted negative of distance between countries. Moreover, other studies considered exchange rates between partners, since volatility of these rates through time are expected to influence trade flows; Rose [40] , Argyriou [31] , Eger [76] , Thorpe and Zhang [86] , Kandogan [55] , Carrere [49] and Kucera and Sarna [73] are such cases.
Performance and quality of border and "behind the border" services were among those elements affecting transportation costs. Wilson et al. [45] introduced in the gravity model specification appropriate indicators for including port efficiency, customs environment, e-business existence and the countries' regulatory environments. Longo and Senkat [47] on the other hand, incorporated variables such as road length and telephones per capita, along with indicators of intra-country political tensions. Similarly, Filippini and Molini [19] introduced the notion of technological distance between partners, based on the technological index (TI) proposed by Archibugi and Cogo [88] ; this indicator incorporated technology creation and development and diffusion of human resources for each trading partner.
Apart from costs, a variety of impedance factors have been incorporated in the different gravity model specifications, aiming at examining potential barriers to trade flows. Typically encountered factors of that kind are common language, border adjustency and landlocked country, since it is expected that these factors may or may not promote trade between countries. Participation in a customs unions and a trade agreement is a factor frequently found in gravity model specifications; effects of these agreements have been of particular interest during the last decade. These are typically handled as dummy variables, taking a value of 1 when two partners are members of the same union or agreement and 0 otherwise. While use of such dummy variables has been criticized [89] , since they can incorporate the effects of other, unrelated factors, they constitute a common approach for analyzing the impacts of regional agreements etc. Example cases include membership in customs and monetary unions, like EEC and EU, or trade agreements such as EMFTA, NAFTA, AGADIR, ASEAN and so on.
Similarly, sharing the same currency, being part of the same nation, colonies in the past or present, or even having a common colonizer, are factors expected to affect trade flows between regions, with their potential impacts also being captured through dummy variables in various studies.
Methodological Aspects
The Ordinary Least Squares (OLS) method has been traditionally the usual technique for estimating the coefficients of the gravity model specification in its loglinear form. While OLS is still implemented for analyzing and evaluating policies [81] , researchers have indicated methodological and modeling flaws in the development of gravity models using OLS. As noted by Henderson and Millimet [80] , in most empirical studies, implementation assumptions are not in line with the underlying theoretical models. Theoretical considerations on the proper use and deviations from the gravity model have been a topic of considerable interest in the literature (examples include Feenstra et al. [87] ; Anderson and van Wincoop [28] ; Henderson and Millimet [80] ).
Of particular interest however, is the seminal work of Anderson and van Wincoop [28] who refined the theoretical foundations of the gravity models to properly account for the endogeneity of trade costs and the consideration of institutional barriers to trade. Based on a theoretical model of trade they indicated that costs of bilateral trade between two regions are affected by the average trade cost of each region with the rest of its trading partners (the so-called lack of multilateral resistance 1 ) and provided evidence of border effects in trade, using a Non-linear least squares (NLS) model. According to Baier and Bergstrand [82] , an alternative yet simpler way of treating multilateral resistance is the use of a fixed effect model. Indeed, since Anderson and Van Wincoop, most relevant studies have employed fixed effects techniques for developing gravity models. In 2009, aiming at bridging the gap between theory and practice as posed by Anderson and van Wincoop [28] , Baier and Bergstrad [82] proposed an approximation of multilateral effects to be used with OLS; they reported that their method provided comparable results both to Anderson and van Wincoop [28] and fixed effects approaches. In another study by Baier and Bergstrad [5] , the endogeneity of FTAs was also considered; they again proposed a fixed and random effects specification to account for this.
From a practical perspective, treatment of interaction effects is a necessity in order to avoid biases and inconsistent estimates [76] . For example, Baltagi et al. [77] concluded that a lack of interaction effects may lead to biased results and incorrect inferences in the gravity model and highlighted the importance of controlling for all interactions in both the cross-sectional and the temporal dimensions. In this sense, use of two way fixed effects models has been recognized as potentially useful to capture cross-country and time interactions. According to Egger [76] , selection between fixed and random effects models depends on the interests of the analysis, the country sample, the data properties and the underlying theoretical model used. In general, most empirical studies indicate that fixed effects models tend to provide better results; Egger [76] reported that two way fixed or random effect models are needed to capture crosscountry and time effects, but notes that random effects models should be considered if they are adequately consistent and there is an interest in estimating timeinvariant effects [90] ; otherwise, fixed effects models are the only available alternative.
Glick and Rose [42] implemented fixed and random effects models; they reported that their fixed effects model provides robust results. Egger and Pifaffermayr [78] argued on the necessity of incorporating two way fixed effects and Wilson et al. [45] reported the robustness of a two-way fixed effects model with respect to invariant factors (such as tariffs). Antonucci and Manzocchi [91] again preferred a fixed effects model from a random effects model using a two step approach: first, they perform a fixed effects model regression and then a cross-section regression with country specific effects as the dependent variable is run. Indeed, most recent studies prefer fixed effects as their panel correction technique. Filippini and Molini [19] also used a fixed effect model, assuming that heterogeneity is correlated with the regressors and note that long-run data allows them to disregard any endogeneity problems and apply the fixed effect model without any bias.
Among other efforts, Kalijaran [92] introduced a stochastic coefficient gravity model; a model fitting in the same category was implemented almost a decade later by Tzouvelekas [79] . Porojan [4] exploited spatial econometrics in an effort to capture the model's spatial effects. Egger [46] adopted a three stage modeling approach for examining trade effects with the use of a gravity model; he sequentially estimated a "fixed effects", an instrumental variable and a "random effects" model. Peridy [53] used a random effects model; he applied several related estimators (HTM, dynamic ABB) and notes that these estimators are superior compared to the standard random effects estimator for the case of the gravity model specification analyzed. Carrere [49] argued that modeling of bilateral effects as random variables is more appropriate compared to fixed effects and considered the instrumental Hausman -Taylor estimation for that purpose. In another study, Peridy [54] exploited a variety of modeling techniques (OLS, fixed effects, random effects, HTM, GMM and ABB) and comes up with a number of comments by comparing their results; with respect to static models, he found that all models have "significant and similar" parameters, while GMM is the most appropriate dynamic model. Henderson and Millimet [80] proposed a nonparametric technique for estimating the gravity equation and report promising results. Novak-Lehmann et al. [58] implemented a seemingly unrelated regression (SUR) technique, controlling for cross country fixed effects while Kepaptsoglou et al. [64] used the same technique, considering two-way fixed effects. Finally, Baier and Bergstrad [82] proposed an approximation of multilateral effects to be used with OLS; they reported that their method provided comparable results both to Anderson and van Wincoop [28] and fixed effects approaches.
From a different perspective, a couple of recent studies by Santos Silva and Tenreyro [93] and Sillverstovs and Schumacher [81] criticized the original log-linear transformation for estimating the gravity model coefficients. Santos Silva and Tenreyro [93] reported that the consistency of the OLS estimator typically used in the log-linear form depends on an unrealistic assumption of the error term and recommended the estimation of the gravity model in its original multiplicative form. To achieve that, they suggested a Poisson quasi maximum likelihood (PQML) technique. Siliverstovs and Schumacher [81] compared the PQMS technique with OLS and found evidence of the former's superiority.
DISCUSSION

Empirical Findings
With over 55 papers published within the last decade, the gravity model has been established as a major instrument for analyzing trade flows and explaining effects of related trade agreements. Despite earlier criticism, the research community has made efforts both in improving the model's theoretical foundation (see, for example, Anderson and van Wincoop [28] ) and adopted novel econometric methods for estimating its parameters with more accuracy.
Among empirical studies, most focus on assessing policies and their implications, particularly the effects of various regional trade agreements; studies on general trade flow analyses on the other hand have been limited during the last decade. Some of these studies present novel econometric approaches while other studies deal with advancing the econometric estimation of the gravity model.
Panel data sets are preferred in recent gravity model studies with only a handful of studies remaining on crosssectional models; advantages of panel data have been exploited by most researchers. As for explanatory variables, a variety of them has been introduced in the gravity model specification: GDP, GDP per capita and distance are the most common variables representing demand and supply (mass variables). Similarity is rarely used as an indicator. Among impedance variables, distance is always encountered (as expected); other factors such as common language and border are commonly used as dummy variables. Indicators such as remoteness and trade complementarity are applied in a few cases only. Only a couple of studies tend to analyze transport costs in detail, a result of difficulty in its detailed calculation. Dummy variables are frequently adopted for capturing impacts of trade agreements, custom unions and similar country characteristics (for example same nation, colonizer, language etc), despite criticism by past studies. In general, GDP and population are the most common mass variables (with a few exceptions), while impedance is described by distance and a variety of factors enhancing or discouraging trade.
From a methodological point of view, plain OLS use has been limited, especially after the conclusions drawn by Anderson and van Wincoop [28] . Introduction of interaction effects (bilateral, time or two-way) has been a common practice in recent studies; however, as noted, the selection among random and fixed effects relies on the interests of the analysis, the country sample, the data properties and the underlying theoretical model used. For example, Egger [76] notes that association of estimators with short and long term planning estimators when comparing results. Fixed effects are better for short term prediction purposes. He also states that random effects models should be considered if they are adequately consistent and there is an interest in estimating time-invariant effects. In general though, most empirical studies tend to highlight fixed effects approaches as the most appropriate for estimating the gravity model coefficients.
Apart from the issue of interaction, there has been some discussion on the proper estimators and econometric methods used, as well as on the use of the traditional loglinear form of the model. Some researchers test advanced econometric methods and claim better performance; some case these methods are theory driven while in other cases are a result of past empirical findings. However, the complexity and usability of these methods remains an issue; Baier and Bergstrad [82] , for example, indicate the difficulties in using Anderson and van Wincoop [28] method. Similarly, despite evidence on better performance when directly estimating the multiplicative form of the gravity, the traditional form is widely accepted because of its simple form and understandability.
Free Trade Agreements
Trade agreements have been widely analyzed with the use of gravity models. However, Baier and Bergstrad [5] noted that recent studies do not provide clear evidence on the positive effects of these agreements towards creating or diverting trade. Our review of relevant studies leads to a similar conclusion. For example, Endoh [39] found that the Latin American Free Trade Agreement (LAFTA) has exhibited neither trade creation nor trade diversion on trade with Japan and Fukao et al. [43] provided evidence of some trade diversion as a result of the North American Free Trade Agreement (NAFTA). Soloaga and Winters [41] found only limited evidence of trade diversion because of the EU and EFTA. Roberts [48] investigated the potential of a FTA between China and ASEAN countries; he concluded that neither trade creation nor diversion is expected. Eger [46] indicated that while FTAs are not expected to have a shortterm impact on trade volumes, a considerable long-run trade creation is anticipated; he reported a 15% long-term increase for NAFTA members. An analysis of trade agreements in African countries (COMESA, ECCAS, ECOWAS) was provided by Musila [50] ; the author does not find any considerable impacts in trade diversion and creation Similar conclusions were drawn for the COMESA by Rojid [94] and for the AGADIR agreement by Peridy [53] , as a result of the lack of trade complementarity between its member countries.
Tang [52] examined the effects of the NAFTA, ANZCER and ASEAN FTAs. His results showed that trade within member countries has increased, ANZCER FTA has resulted in trade diversion from non-members and ASEAN FTA has led to a trade increase with non-members (something that has not been observed for NAFTA). Peridy [54] investigated trade effects of the Euro-Mediterranean FTA (EMFTA); he reported that the FTA resulted in an increase of Mediterranean countries' exports to the EU by 20%-27%, indicating trade creation and accounted for the large EU share of Mediterranean exports. Carrere [49] concluded that "…regional trade agreements generate a significant increase in trade between members, often at the expense of the rest of the world". Abedini and Peridy [95] reported a 20% increase in trade flows between regions belonging to the GAFTA agreement. Lee and Park [59] proposed new FTAs for East Asia; they noted that trade facilitation would enhance trade creation between FTA members and reduces trade diversion among them. Moreover they indicated that their proposed FTAs would be beneficial compared to existing conditions. Kalijaran [57] reported that Australia was expected to have more gains of its potential exports because of the IOC-ARC agreement and Grant and Lambert [61] indicated that the type and characteristics of trade agreements for agricultural products play a significant role in actually improving trade, while positive effects to trade may not occur immediately. Finally, in their study, Baier and Bergstrad [5] attempted to clarify the effects of FTAs in trade, by exploiting the prevailing theoretical background of the gravity model and modern econometric studies. Their treatment of the FTAs as endogenous variables, subject to interaction effects, led to the conclusion that FTAs do affect trade considerably.
CONCLUSIONS
This paper critically reviewed and analyzed recent empirical studies exploiting the gravity model in trade flow. Based on its robust performance, the gravity model has been particularly successful and popular among researchers, despite past criticism on its theoretical background. Over 75 papers in the last decade have either used it for analyzing trade policies and their implications or improved its performance; most of the policies examined focused on the effects of FTA agreements. Gravity models developed exhibit a wide range of econometric novelties; however, fixed and random effects models are followed by the majority of the research community. Results on FTA performance are still contradictory; some studies indicate trade creation and diversion while others do not, while the potential of treating interaction effects for FTAs may provide a clear view. As noted by Beier and Bergstrad [5] , accounting for FTA endogeneity would be an important element of future empirical studies.
